A total of 248 double internal mammary artery-myocardial implantations have been performed at the Cleveland Clinic up to October 31, 1967. This report presents an analysis of the clinical experience with the first 150 patients. The majority of the patients were between 40 and 60 years of age. The overall hospital mortality was 9.3%. The lowest mortality rate (4.9%) was among patients between 51 and 60 years of age. The most common complication encountered in this series (22 patients) was atrial fibrillation. Acute myocardial infarction developed in 14 patients; all of them recovered with the usual medical treatment. All of the patients have been studied by Sones's technique of selective coronary angiography and left ventriculography. We believe that this is mandatory in the selection of patients for coronary artery operations. The postoperative evaluation shows significant clinical improvement in the majority, 116 patients. Thirtyone have undergone postoperative angiographic studies. Of 61 opacified arteries, 58 remained patent, and 37 showed definite communication with coronary arteries. We believe our present operative technique allows us to increase myocardial perfusion in any region of the left ventricle.
TOTAL of 248 patients have undergone double internal mammary artery-myocardial implantations at the Cleveland Clinic tio Hospital between July 14, 1966, and October in 31, 1967. This report comprises a clinical eval-dis uation of the results in the first 150 patients th (11 women and 139 men). The age range of at this group, from 26 years to 70 years, is pre-thb sented by decades in table 1 . The majority of art the patients were between 40 and 60 years of art age; 24 patients were less than 40 years for old, and 14 were more than 60 years of age. 
Method
The technique employed for double implantans has been previously reported and described detail.1' Briefly, both mammary arteries are ssected through a midline incision, with the e of a self-retaining sternal retractor, following e Sewell pedicle dissection from the connection the inferior epigastric artery to the origin in e subclavian artery. The pedicle thus includes tery, veins, surrounding muscle, and overlying eura. Detachment of the whole length of the teries from the sternum gives ample length r implantation anywhere on the left ventricle. he distal end of the pedicle is trimmed leaving ly the artery for insertion. The left mammary tery is implanted into the lateral and diaphragatic wall of the left ventricle (usually misinrpreted as the posterior wall) extending across id beneath the lateral and posterolateral anches of the circumflex and posterior descendg branch, which in 90% of the cases arises Table 1 Bilateral Internal Mammary Artery Implants in 150 Patients Age range (yr)  Patients  Hospital deaths   20-30  3  0   31-40  21  3   41-50   51   5   51-60 61-70   61  14  3  3 from the right coronary artery. The distal end of the tunnel lies in the middle of the diaphragmatic wall of the right ventricle. The right mammary artery is implanted into the anterolateral wall of the left ventricle under the diagonal branches of the anterior descending or, in select cases, across and beneath the main anterior descending coronary artery ( fig. 1 ). With our increasing experience the implanted segments are becoming increasingly long. Progress angiograms demonstrate that long implants frequently will establish collateral vessels to multiple coronary artery branches. We stress the importance of implanting both mammary arteries into the left ventricular wall. It is our current opinion that there is no indication for implantation upon the right ventricle.
Selection of Patients and Preoperative Evaluation
All of the patients had been studied by Sones's technique (selective coronary angiography) and left ventriculography. We believe this is mandatory in the selection of patients for coronary artery surgery. Patients considered for double implantation should demonstrate severe obstruction of the anterior descending and circumflex, or anterior descending, circumflex, and right coronary arteries. In other words, arteriographic evidence of a perfusion deficit in both the anterolateral and diaphragmatic aspects of the left ventricle suggests the need for double implantation. The ideal patient should have a normal ventriculogram with good contractility and enddiastolic pressure within normal limits. The surgi- Circulation, Volume XXXVII, April 1968 cal indications have broadened with our experience, and we have been accepting patients with localized scar-tissue replacement, either on the anterolateral or diaphragmatic wall, with only a slight increase in operative mortality. It is important to remember that the region of myocardium into which an implant is to be placed should show normal or nearly normal contractility. A long-term follow-up study will determine the exact benefit to the patients and the validity of the operative concept.
Results
The results in the first 150 patients who underwent double internal mammary artery implantation are presented in table 1. Fourteen patients (9.3%) died in the early postoperative period. Of 21 patients between 31 and 40 years of age, 14.2% died; of 51 patients between 41 and 50 years of age, 9.8% died; of 60 patients between 51 and 60 years of age, 4.9% died; and of 14 patients between 61 and 70 years of age, 21.4% died. It is apparent that the lowest mortality rate was among patients who were between 50 and 60 years of age. This is not surprising since the time factor allowed development of more collateral vessels, providing greater protection. Our present experience suggests also that some of the young patients have an unusually malignant form Left ventriculogram (right anterior oblique projection), of a 36-year-old patient, shows that, at the end of systole, there is significant loss of contractility on both anterolateral and diaphragmatic walls of the left ventricle. End-diastolic pressure was 17 mm Hg.
Circulation, Volume XXXVII, April 1968 of coronary artery disease that follows an acute pattern with significant periarteritis and early myocardial injury.
A review of the left ventriculograms and operative reports showed that 98 patients had normal ventricles and 52 had various degrees of localized myocardial fibrosis either on the anterolateral or diaphragmatic walls. Some patients had an increased end-diastolic pressure. Of the 14 patients who did not survive, eight were in the first category and six in the second, with mortality rates of 8.2% and 11.3%, respectively. Although there is a discrepancy, it is sometimes impossible to predict the end result based on the data from this study. For example, a 36-year-old patient showing significant loss of contractility of the entire left ventricle (fig. 2 ) on catheterization study, did not tolerate the operation and died the next day in irreversible ventricular fibrillation. In contrast, a 54-year-old patient with impaired contraction of the distal anterolateral and diaphragmatic walls, a small apical aneurysm (fig. 3) , and total occlusion of the right coronary artery, anterior descending, and circumflex branches, tolerated the operation well and enjoyed an uneventful recovery.
The analysis of data has shown significant clinical improvement in the majority of the patients. Although previous studies4 have shown fair correlation between the clinical improvement and the angiographic results, selective injection of the mammary artery is the only satisfactory method for objective evaluation. We perform this study between 8 months and 1 year after operation. At this writing, 31 patients have undergone postoperative angiographic studies. Of these, 30 had been shown to have severe narrowing in the anterior descending artery and in either the circumflex branch or the right coronary artery, or in both. One patient demonstrated a severely obstructed main trunk of the left coronary artery. All implants of the left and all but one of the right internal mammary artery were selectively opacified. Of 61 opacifled arteries, 58 remained patent, and 37 showed communications with coronary ar-teries. Twenty-seven of the 31 patients had at least one implant that provided anastomoses to coronary arteries. Of 30 right internal mammary arteries, 20 communicated with branches of the anterior descending artery, while of 31 left internal mammary arteries, two communicated with branches of both the circumflex and the right coronary arteries, nine with the circumflex only, four with the right coronary artery only, and two with terminal radicals of the anterior descending artery (figs. 4 and 5).
Complications
The most common postoperative complication encountered (in 22 patients) in this series was atrial fibrillation, usually occurring within the first 48 hours and responding readily to rapid digitalization. Direct-current countershock was utilized only in one patient to convert the fibrillation to sinus rhythm. In 14 patients definite electrocardiographic changes and an increase in serum transaminase content consistent with acute myocardial infarction developed. All of them recuperated with usual medical treatment and rest in bed for approximately 3 weeks. Four patients underwent reoperation during the first 24 hours because of severe bleeding; they tolerated the second operation well. Acute thrombophlebitis developed in four patients; they required heparin and rest in bed. Five patients had separation of the abdominal portion of the wound which was resutured with stainless steel wire. There has been no problem with healing of the sternum. In three patients acute heart failure developed and was controlled with digitalis.
Discussion
Single left internal mammary artery implants have been utilized at the Cleveland Clinic since January 1962, mainly on the Circulation, Volume XXXVII, April 1968 anterolateral wall of the left ventricle. The original Vineberg hypothesis that revascularization of the heart can be accomplished by this method has been proved. However, one internal mammary artery is not sufficient to increase the coronary circulation of the entire left ventricle. The present operative technique utilizes both right and left internal mammary arteries and is thus able to increase myocardial perfusion deficit in any region of the left ventricle. We believe that at present there is no hemodynamic or physiopathological evidence to support implantation in the right ventricle. We are keenly aware of the important role that the right coronary artery plays on the diaphragmatic wall of the heart, sending forth the posterior descending branch which perfuses part of the interventricular septum and diaphragmatic aspect of the left ventricle. With the present operative technique, the left internal mammary artery can be implanted so that it passes across and beneath the posterior descending branch, with the distal portion of the tunnel emerging on the diaphragmatic wall of the right ventricle.
The selection of possible patients for double internal mammary artery implantations has been carried out by Sones's technique. In our experience, coronary arteriography is mandatory in selecting patients for revascularization operations and evaluation of the postoperative results. Clinical evaluation alone, including electrocardiograms, is not sufficient.
The surgeon must know in advance the exact region where functional demand is greatest, and determine accordingly the sites for implants. There is a direct correlation Figure 6 Direct correlation between the amount of preoperative obstruction of the anterior coronary artery and the patency of the implant in 127 patients studied postoperatively by selective mammary artery angiography. If the narrowing is more than 90% and collateral vessels are present, a prediction can be made that the implantation will be successful.
between the amount of obstruction and the success of the implantation (fig. 6 ). An implant is always, or almost always, successful if there is demonstration that coronary occlusion is total, or nearly total, and there are preexisting intercollateral channels. The amount of patency decreases as the degree of obstruction lessens. It is not our practice nor do we recommend implanting an internal mammary artery into a region supplied by a vessel the lumen of which has a diameter reduced by less than 75%. It is, therefore, essential that evaluation absolutely be based upon careful coronary arteriography. It is futile to try to evaluate coronary occlusion by palpation during the operative procedure, and it is unacceptable in view of the present technique available for preoperative analysis. A left ventriculogram is also highly important as it is a crucial factor in assessing the status of the myocardium. The ideal patient should have no scar-tissue replacement, although as previously pointed out, 52 patients in the series we reported had localized myocardial fibrosis. In such cases the implant should be placed as remotely as possible from the site of myocardial injury. Long-term follow-up and reinvestigation will determine the value of implantation in these patients. Patients with generalized fibrosis, totally impaired contraction, and significant increase of the end-diastolic pressure are not accepted for double internal mammary artery implantations. Our present hospital mortality rate, 9.3%, is higher than that among patients who have undergone single implants (2.1% of 280 patients operated on in 1966). A heightened risk was recognized, as patients selected for the double implant procedure have far more severe and diffuse disease.
Initially, we operated on 38 patients without a hospital mortality, since our selection of patients was limited at that time. Expanding the criteria for operation and accepting patients with scar-tissue replacement, a slight Iincrease in end-diastolic pressure, dilated left ventricle, and even symptoms of heart failure accounted for the rise in the hospital Circulation, Volume XXXVII, April 1968 mortality to the present level. Too little time has elapsed for a thorough clinical appraisal, but the results to date confirm our optimism. The majority of the patients in our series, 116, have had significant clinical improvement. Performance and range of physical activities are much greater than before.
Postoperative angiographic studies are promising and show that an internal mammary artery implant may form intercommunications with the anterior descending, circumflex, and even the distal right coronary arteries. The angiograms reproduced in this report are relevant to the initial operative technique. Our present operative technique has been significantly improved by placing the left internal mammary artery across the posterior descending branch of the right coronary artery. Hopefully the entire per-fusion deficit of the left ventricle can be relieved by double internal mammary artery implantation.
